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SECTION A

Specific instructions for Section A
Question 1 consists of 20 multiple choice questions. Section A is worth approximately
27% of the marks available. You should spend about 30 minutes on this section.

Choose the response that is correct or best answers the question, and mark your
choice on the multiple choice answer sheet provided.

No credit will be given for an item if two or more letters are marked for that question.
Marks will not be deducted for incorrect answers and you should attempt every question.

Question 1
Which change will increase the equilibrium concentration of sulfur trioxide in this reaction?

2S0,(g) + Oy(g) & 2S0;(g) AH = negative

A. Decreasing the concentration of oxygen
B. Increasing the pressure

C. Using a catalyst

D. Increasing the temperature

Question 2
The ionic product constant of water at 45°C is 4x10™**. Which statement is correct about pure water at 45°C?

A.pH=7
B.[H']=[OH ]
C.[OH ]>[H']
D.[H"]>[OH]

Question 3

A student conducted an experiment to determine the heat content of a piece of white bread. Whena3.5g
sample was combusted in a bomb calorimeter the temperature of the water inside the calorimeter rose from
16.0°C to 28.7°C. The calibration factor of the calorimeter was 2.95 kJ °C™".

The heat content of the white bread, in kJ g'l, is

A.37.5
B.24.2
C. 135
D.10.7
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Question 4
Consider the following information for the reaction X+Y 2> Z.

Heat of Reaction =-120 kJ mol-1
Activation energy = +200 kJ mol*

The activation energy, in kJ mol™?, for the reaction Z > X +Y, is

-320
-80
+80
.+320

ocn® >

Question 5
A student completed an experiment to determine the amount of energy absorbed by a volume of water.

The following data were recorded.

Mass of beaker 2156 ¢
Mass of beaker plus water 336.1 g
Final temperature of water 71.0°C
Energy absorbed 21.2 k]

What was the initial temperature of the water?

A 15°C
B 25°C
C29°C
D 42°C

Question 6
Consider the following equilibrium:

2BN(s) + 3C, (g) © 2BCL(g) + N, (g) K=1.6x10"

At equilibrium, there were 0.30mol BN, 0.20mol BCl; and 0.10mol N, in a 2.0L container.
How many moles of Cl, were present?

A.0.31mol
B. 1.4 mol
C. 2.7 mol
D. 4.8 mol
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Question 7
Consider the following buffer equilibrium system:

HCN (aq) + H,0 (I) < H;0" (ag) + CN (aq)
What is the net result of adding a small amount of HNO; ?

A. The pH increases slightly.

B. The pH decreases slightly.

C. The [CN] increases slightly.
D. The [HCN] decreases slightly.

Question 8
The following equilibrium is established in a 2.0 L vessel:
2N,(g) + 0,(g) < 2N,0(g)
Which one of the following sets of conditions would be expected to push the equilibrium furthest to the right?

Addition of chemical Volume of reaction vessel
A. nitrogen gas increased
B. nitrogen gas decreased
C. argon gas increased
D. argon gas decreased
Question 9

Consider the equilibrium system:
N,(g) + 3Cl,(g) < 2NCIs (g) AH=+460kJ

Which of the following describes what happens when some NCl; is added?

Equilibrium Shift Value of Kfq
A. right remains constant
B. right Increases
C. left remains constant
D. left decreases
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Question 10
A student places some HI (g) into a closed reaction container and the following equilibrium is established:

2HI (g) < 1, (g) + H, (g)

Which of the following describes the forward and reverse reaction rates?

A N B N
L]
A
forward v, reverse
Reaction Reaction Ta
Rate L Rate
.7 reverse forward
Time Time

C. l D. .
i
) R
forward S reverse
Reaction Reaction Sremmm-a-
Rate pemmmmm—- Rate
Lo reverse forward
f.‘
Time Time
Question 11
The diagram shows a galvanic cell.
W
G S
i
™ i A b e i
ik
— — | — I-_F-'.F".F‘-.'P-._
. '."1.F'J
E LRl
R R
. ﬂ—’f . L 3 Zn-
R iy
FATEY
M ions Zn ions
- J .

Which of the following metals (M) acting as an anode would produce the lowest theoretical potential for the

cell?

A. Calcium

B. Copper
C.lIron

D. Manganese
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Use the following diagram to answer questions 12, 13 and 14.

/ porous diaphragm \
=1l B Wy

brine —p

sodivm hydroxide
solution

. )

Figure 3: Down’s Process

Question 12
The gases labelled X and Y are
X Y

A chlorine oxXygen
B. oxXygen chlorine
C. chlorine hydrogen
D. hydrogen chlorine

Question 13

ONE of the functions of the porous diaphragm in the cell is to

A. act as a catalyst to increase the rate of reaction.

B. allow movement of ions between the cell compartments.

C. prevent sodium ions from entering the solution near the anode.

D. prevent the electrolyte from making contact with the gases provided.

Question 14
The main reason for using a highly concentrated brine solution as the electrolyte in the cell is to

A. allow an electric current to pass through the cell.

B. produce chlorine gas, in preference to oxygen gas.

C. allow sodium hydroxide to be separated from the salt by crystallization.
D. create non-standard conditions that ensure hydrogen gas production.
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Use the following diagram to answer questions 15, 16 and 17.

- =
| 18
Pt (inert) ~@1 -t Porous Ag
E%- | Barrier L. ‘ ‘
I‘—- 2 =
| |
l.OMHCI 1.0M AgNO;
Question 15
What is the cathode half-cell reaction?
A Ag SOAg + e
B. Ag" + e > Ag
C. 2H' + 2e >H,
D. 2CI'+ 2e - Cl,
Question 16
Which of the following is correct as the cell operates?
Direction of Ag™ pH Near the Pt
Migration Electrode
A towards Pt increases
B. towards Pt decreases
C. towards Ag increases
D. towards Ag decreases
Question 17
Which of the following is correct as the cell operates?
Direction of Electron Flow Mass of Pt Electrode
A from Ag to Pt Increases
B from Ag to Pt decreases
C. from Pt to Ag decreases
D. from Pt to Ag does not change
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Question 18

The graph below shows how the concentrations of the reactant and product in a reversible reaction change

with time.
0.7
0.6
0.5 \\
[reactant] or 0.4 " 1 T LTI L A _f.?_dfcr
[product] / \ f/'"'f
mol dm™ 0.3
A
A \H»H__ reqcrant
0.2 4
- ’/
fa"
0.1 7
g
0.0
0 10 20 30 40 50
Time / s
I. Time=10s
Il. Time=20s
IIl. Time =555

When is the reaction at equilibrium?

A. land Il only

B. land Ill only
C. lland Il only
D. I, lland I
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Question 19
What happens at the negative electrode in an electrochemical cell and in an electrolytic cell?

Electrochemical Cell Electrolytic Cells
A. Oxidation Reduction
B. Reduction Oxidation
C. Oxidation Oxidation
D. Reduction Reduction
Question 20

Tests between metals X, Y and Z and their ions produced the following results:
X+Y" = no reaction
Y'+Z > Y+Z'

Which of the following describes the relative strengths of the oxidizing agents?
A X>Y>Z

B.Z>Y>X

C. X'>Y+>Z"

D. Z7>Y >X'

END OF SECTION A
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SECTION B

Specific Instructions for Section B
Section B consists of 7short answer questions (question 1 to 7). You must answer all of these questions. The section is
worth 53 marks or approximately 73% of the total. You should spend approximately 60 minutes on this section. The
marks allocated and suggested times are at the end of each question.
Questions should be answered in the spaces provided in this booklet.
You should
* give simplified answers with the appropriate number of significant figures. Unsimplified answers will not receive full
marks.
* Show all working in your answers to numerical problems. No marks can be given unless accompanied by working.
* make sure all chemical equations are balanced and that formulas for individual substances include an indication of
state. Eg Hp(g) , NaCl (s).

Question 1 (10 marks)

The combustion of octane, a major component of petrol, may be represented by the equation:
2CgHs5 () + 250,(g) > 16C0O, (g) + 18H,0 (g) +21800kJ

(a) Rewrite this equation using the AH notation with the unit kimol™. (1 mark)

(b) Explain why this reaction causes an increase in both the temperature and pressure within an automobile
engine. (2 marks)

(c) Calculate the mass of octane that would have to undergo combustion in order to release 109 MJ of energy.

(2 marks)

(d) Explain why octane does not react with oxygen at room temperature but it burns rapidly with a spark.
(2 marks)
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(e) On the axes below, construct an enthalpy/potential energy diagram for the combustion reaction.
Clearly mark: (3 marks)

(i) enthalpy of reactants and products
(ii) AH
(i) E et

enthalpy
I mol’}

Feaction coordinate
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Question 2 (5 marks)
Consider the following reaction:

Na,CO; (s) + 2H" (aq) = 2Na' (aq) + H,O0 () + CO, (g)

In an experiment 0.200 mole of sodium carbonate, Na,CO; powder and 0.150 mole of hydrochloric acid, HCI
were placed in an open beaker. The reaction was allowed to proceed to completion.

(a) On the axes below sketch graphs to illustrate the rate of disappearance of the sodium carbonate powder
and the hydrochloric acid. Also sketch the rate of appearance of the carbon dioxide. Clearly label all three
graphs. (3 marks)

0.200
Amount

(mol)

0.100

fime

(b) On the axes above add a new graph for Na,COj3(s) showing the effect of using large crystals of sodium
carbonate instead of the powder. Explain in terms of the collision theory why the graph is the shape you have
drawn. (2 marks)
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Question 3 (5 marks)
A solution containing 1.00 M nickel(ll) chloride,NiCl,, and 1.00M copper(ll) chloride, CuCl,, is electrolysed in the
following electrolytic cell.

Cu electrode Cu electrode

Solution containing
1.00M NiCl, (aqg) and
1.00M CuCl, (aq)

The voltage applied to the cell can be varied and is gradually increased.

(a) What are the possible products that could appear at the anode? Predict the product that will occur first.
(2 marks)

(b) What are the possible products that could appear at the cathode? Predict the product that will occur first.

(2 marks)

(c) What is the minimum voltage required to obtain the species predicted in parts (a) and (b)? (1 mark)
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Question 4 (5 marks)
Consider the following equilibrium:

2H, (8) + S; (8) & 2H,S (g)

Initially, 9.0 x 10™ mol S, and 1.1 x 107> mol H,S are placed in a 1.0 L container.
At equilibrium, there is 8.6 x 10~ mol H,S present. Calculate a value for K.

Question 5 (4 marks)

In an experiment to determine the molar mass of a sample of metal,

two students assembled an electrolytic apparatus as shown.

A steady current of 1.20 A was passed through the cell for 38.0 minutes. /I
The students weighed the cathode before and after the experiment.

Their results were:

Mass of cathode before 12.320¢g
Mass of cathode after 13.217 g

Use their experimental results to calculate the molar mass of this
metal given that it exclusively forms 2+ ions. (4 marks)

Excess 4.00 mol L

metal sulfate solution
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Question 6 (8 marks)
A half cell was used in conjunction with the Ni** (ag)/Ni(s) half cell to produce an electrochemical cell that had
a maximum E° of 0.53 volts.

(a) Complete the following: (4 marks)
The expected anode reaction:

The expected cathode reaction:

Suitable chemical or chemicals for the salt bridge:

The E° calculation for the cell:

(b) Label the diagram below for this electrochemical cell, including: (4 marks)

(i) the materials in the second half cell
(ii) the anode and the cathode
(iii) the electron flow in the external circuit

(iv) the movement of ions through the salt bridge

Ni
Salt bridge

1.00 mol L™

solution of

Ni50¢,
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Question 7 (7marks)
In VCE Chemistry Unit 4, you were required to investigate the industrial production of a chemical selected from
ammonia, ethene, sulfuric acid or nitric acid. Choose one of these chemicals and circle it in the list below.

ammonia ethene sulfuric acid nitric acid

a) Write a balanced equilibrium equation which is used in one of the steps inthe production of your chosen
chemical. Indicate whether the reaction is exothermic or endothermic. (3 marks)

b) Explain what conditions would lead to the maximum yield of the product in this reaction.
(2 marks)

¢) Write the chemical formula of one useful product formed from the chemical you have chosen. (1 mark)

d) Give the name or formula of one waste chemical formed during the production of the chemical you have
chosen. (1 mark)
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Question 8 (9 marks)

A biogas generator can produce methane CH,; from animal wastes or other organic material in the absence of
oxygen. Biogas may contain up to 65 % methane. The biogas produced can be used in a fuel cell to generate
electricity as shown below:

Electrode Electrode

Methane Oxygen

Acid solution

One of the products when methane reacts is carbon dioxide.

a) i)Write the half equation for the reaction at the anode. (1 mark)
ii) Write the half equation for the reaction at the cathode: (1 mark)
b) Write the overall equation for this fuel cell when it delivers electricity. (2 marks)

c) Label which electrode is the anode and the cathode of the cell and the polarity on the diagram. (2 marks)
d) Indicate the direction of electron flow on the diagram. (1 mark)

e) What would the advantages of this fuel cell be over a lead acid batttery as a small scale energy source.
(2 marks)

END OF EXAM
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Physical constants

F =196 500 C mal I Ideal gas equa
R=831JK mal pV'=nRT

[ atm =101 325 Pa =T60 mmHg

C=2713K

Molar volume at STP =224 L. mal I

3 1
Avogadro constant = 6.02 = 107 mol

The electrochemical series

E7 in volt
Falg)+2e — 2F (aq) +2.87
H-0:(aq) + 2ZH (aq) + 2 —2H.0(1) +1.77
Autiag) +e — Auls) +1.68
Clalg) + 2e” — 2C1 (aq) +1.36
Oslg)+ 4H {ag) +4e — 2ZH20(1) +1.23
Braily + 2e — 2Br{aq) +1.09
Agliag) +e — Ag(s) +0L80
Fe''(aq) + e — Fe''(aq) +0.77
Lisy+2e — 21{aq) +H1.54
Os(g) + 2ZH001) + de” — 40H (aq) 4]
Cu*(aq) + 2e — Culs) +0.34
Sis)+2H"(aq) + 27 — HaSig) +0.14
2Hagq) + 2e — H4lg) 0.00
Pbh*'(aq) + 2e — Phis) ~0.13
Sn*'(aq) + 2e — Snis) —0.14
Ni*'(aq) + 2e — Ni(s) ~0.23
Co™'(aq) + 2e — Co(s) ~0.28
Fe*'(aq) + 2e — Fels) ~0.44
Zn*(aq) + 2e — Zn(s) —0.76
2HAO01y + 2e — Haig) + 20H (aq) —1.83
Mn®(aq) + 2&” — Mnis) ~1.03
Al (ag) + 3¢ — Al(s) ~1.67
Mg (aq) + 2e” — Mais) -2.34
MNa'{ag) +e — Nais) -2.71
Ca*'(ag) + 2e — Cais) 287
K'iag)+e — Kis) -2.93
Li'(aq) +e — Liis) =302
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CHEMOLOGY EDUCATION SERVICES

Name:

CHEMISTRY EXAM 2
MULTIPLE CHOICE ANSWER SHEET
Colour the box after the letter corresponding to your answer.

1. AO BO ¢O DO 11. AO B8O c¢O DO
2. A0 BO cO DO 12. AO BO cO DO
3. AO BO c¢O0 DO 13. AO BO c¢O DO
4 A0 BO cO bO 14, AO BO ¢O DO
5. AO BO c¢O DO 15. AO BO ¢O DO
6. AO BO cO DO 16. AO BO cO DO
7. AO0 BO cO DO 17. AO BO cO DO
8. AO BO c¢O DO 18. AO BO ¢O DO
9. AO B8O cO DO 19. AO BO cO DO

10. AO BO cO DO 20. A0 BO cO DO
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CHEMOLOGY EDUCATION SERVICES
P O BOX 477 MENTONE 3194
www.chemology.com.au

Telephone/Fax 9587 2839 or 0412 405 403 or 0425 749 520

SUGGESTED SOLUTIONS TO 2011 CHEMISTRY TRIAL EXAM 2

Section A
1B As Pressure increases it will favour side with 11C The closer the two metals on the E° table the
smaller number of mole. The right. lower the EMF. Calcium will not be suitable as it
reacts with water.
2B In pur water the [H" ] = [OH™ ]. The value of the 12C Chlorine is produced as the electrolyte is
Kw will change with temperature. concentrated brine.
3D Energy = Cal. Factor x AT 13B
=2.95x12.7
=37.47k] for 3.5g of bread
37.47/5 = 10.7k)/g
4D The activation energy for the reverse reaction will | 14 B
be AH + activation energy for forward reaction.
5C Energy =mx Cx AT 15B
21,200 =120.5x4.18 x AT
AT =421
AT =T final = T initial
42.1 =71 - Tinitial
T initial = 28.9°C
6D K = [BCl5]* x [N,] 16D
[BN” x [Cl,)?
1.6 x 10 = (0.2/2)* (0.1/2)
(0.3/2)" [CL,)®
[Cl,]=4.8M
7A Adding H" will cause the reaction to move tothe | 17D
left, the [H" ] will decrease and the pH will
increase.(less acidic)
8A Adding nitrogen will cause a forward reaction, 18C
also Pressure increase as the product side has the
smaller number of mole.
9C Adding product causes reaction to move 19A
backwards. K remains same as only temperature
affects value of K.
10A 20C If a reaction occurs the oxidant must be higher on
the E’tbale than the reductant. X* 2> X
Yo >y
zZr > 2
In the table strongest oxidants are at top left,
with strongest reductants at bottom right.
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Section B @ = 1 mark

Question 1
a)CgHis () + 12%0,(8) > 8CO, (g) + 9H,0 (g) AH =-10,900 k) mol* @

b) Reaction is highly exothermic. @ n(reactants) < n(products) thus a greater pressure results, Pressure is
proportional to mol. @

¢) 1 mol octane releases 10,900 kJ
x mol releases 109,000 k] @
x =10 mol of octane  m(octane) =10 x 114 =1140g ©®

d) Need to overcome activation energy barrier. @ The energy is provided by the spark. @
e)

E act

Reactants
AH

Products
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Question 2
a)

200

Amount
0.15

(mol)

0.125

0.100

0.075

0.05

Time 1 Time 2 fime

(b) Rate slower (dotted black line) due to much smaller surface area. ®There is less chance of fruitful collisions,
thus the rate is much slower. There are fewer collisions per second between H" and Na,CO;. @A longer time to
reach completion.

Question 3
a) Possible products Cl,, 0,, Cu**. @At the anode it is the strongest reductant present that will react first.

2Cl(aq) 2 Cl,(g) +2e ©®
b) Possible products: Cu, Ni, H, . @ At the cathode it is the strongest oxidant present that will react first.

Cu’*(aq) +2e > Cu(s) @

c) 1.32 volts
Question 4
2H, (g) + S; (8) At 2 H,S (g)
Initially present 0 9x10™ 1.1x 107
Reacts/produced 0.0024 0.0024/2 (1.1x107%)-(8.6x107%)
=0.0012 =0.0024 mol
Equilibrium 0.0024mol (9x10™) + 8.6 x 10® mol
0.0012mol
=0.0021mol
K = (8.6 x 10°)? =6114M*
(0.0024)* x 0.0021

©Chemology - Chemistry Unit 4 Trial Exam 2011



24

Question 5
Q=1t=1.20x(38.0x60)=2736C ©
n(e) = Q/F = 2736/96500 = 0.0284 mol of electrons @

M* + 2e > M
n(Metal) =% n(e) =% x0.0284 = 0.0142 mol ©
M(Metal) = m/n =0.897/ 0.0142 = 63.2 Thus the metalis Cu. @

Question 6
a)Zn(s) > Zn**(aq) + 2¢ ©
Ni**(aq) +2e > Ni(s) @

Salt Bridge KNO;(aq) ©

EMF = E° (oxidant) - E° (reductant)
=-0.23—-(-0.76)
= 0.53 volts

»
Zn(s)
Anode N, Cathode
Salt bridge
+ve ions to Ni
-ve ions to Zn 1.00 mol Lt
solution of
Zn* (aq) Ni504(crq)
Question 7

a) One of the following: @ @®® marks
Ammonia — N,(g) + 3H,(g) <& 2NH;(g) exothermic

Ethene — Several cracking reactions will be appropriate
e.g. C,Hq(g) C;Ha(g) + Hy(g) endothermic

Sulfuric acid — 250, (g) + 0,(g) < 2S0;3(g) exothermic

Nitric acid — 2NO(g) + O,(g) < 2NO,(g) exothermic
b) For reactions above

Chemical Pressure Temperature
Ammonia High Low
Ethene Low High
Sulfuric High Low
Nitric High Low
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c¢) One of the following:

Ammonia - NH4NO3, (NH4)ZSO4, (NH4)3PO4, HNO3

Ethene — C,H;OH, —(C,H4)n—

Sulfuric acid — H,5,05, (NH,4),S0,4, ZnSQ,, and other metal sulfates
Nitric acid — NH,NO3, N,O, metal nitrates

o

d)
One of the following:
Ammonia — CO,, aqueous ammonia

Ethene — unreacted feedstock, ethyne, CO,, H,S, H,, CH,

Sulfuric acid — SO,, spent catalyst
Nitric acid — NO, NO,

(1]

Question 8

a)i) CH, (g) + 2H,0()>

ii) O,(g) + 4H"(aq) + 4e

> 2H,0()

CO,(g) + 8H (aq) + 8¢ O

b) CH, (g)+ 20, (g 2 2H,0() + CO,(g) OO

c)

Electrode
Anode —ve ©

Methane

e) Fuel cell is constant supply of energy while lead acid is storage cell. Fuel cell will be lighter in weight.

Electron flow@®

Electrode

Cathode +ve @

Acid solution

Oxygen

pollutants. No dangerous acids. Uses a renewable resource. @@
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